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Exposure Anlysis of Biphenol A in shatter- resistant) and epoxy resins (e.g., durb1~4n~~lf I:3
resistant, and good adhesion) have led totheir use in a variety

Surface Water Systems in Northi of consumer and industrial products.
Small amounts of BPA enter the environment fromAmerica and Europe wastewater treatment plants, and the aquatic compartment

has been identified as the main compartment in which BPA

GARY M. KLEi KA,* 1 may be found (2). BPA will partition to organic phases such
CHAR L ES A. ST A P L ES as soils and sediments (log octanol-water partition coef-
KA TH R YN E. C LARK, § ficient of 3.4); however, an appreciable fraction of BPA will
NELL Y VA N D ER H0EV ENii remain in the dissolved phase (2). BPA is considered readily
D AVI D E. T HO0MA S,- AND biodegradable (3), and aerobic biodegradation is the domi-
STEVEN G. HENTGES# nant loss process for BPA in all media (4) except the
The Dow Chemical Company, Midland, Michigan 48674, atmosphere, where it is susceptible to rapid reaction with
Assessment Technologies, Inc., Spotsylvania, Virginia 22551, hydroxyl radicals (1). BPA may be removed to the extent of
BEC Technologies, Inc., Aurora, Ontario L4G 1K6, Canada, 91-98% in municipal wastewater treatment plants (5).
ECOSTAT, 2332 AA Leiden, The Netherlands, PlasticsEurope, Measurements of BPA in various environmental media
1030 Brussels, Belgium, and American Chemistry Council, have been reported in numerous studies by government
Arlington, Virginia 22209 agencies and other researchers (Supporting Information).

For many of these studies, BPA is one of a long list of analytes,
Received February 25, 2009. Revised manuscript received while other studies have focused on measurements of BPA
July 6, 2009. Accepted July 8, 2009. only. Many of the studies are described as national monitoring

programs, while others have the objective of characterizing
_________________________________________ concentrations in localized areas of suspected contamination.

Several recent papers have reviewed concentrations of BPA
This study was conducted to develop a statistical understanding in the environment (6, 7), but none have critically reviewed
of exposures to bisphenol A (B3PA) in aquatic enviroplments the available data nor statistically characterized the con-
in North America and Europe. Concentrations of BPA have been centrations of BPA in the environment.
reported by 89 investigations published between 1997 and The objective of this studywas to statistically characterize
2007. On the basis of an analysis of weighted observations (n the concentrations of BPA in North American and European
= 1068 and 848 for North America and Europe, respectively), aquatic environments. To develop an understanding of their
BPA was reported at concentrations above the detection limit potential ecological significance, we compared concentra-
in 20-51 % of f reshwater samples. Median B PA concentrations tions of BPA with available regulatory criteria.
for fresh surface waters for North America and Europe were
0.081 and 0.01,ug/L respectively, while 95th percentiles were 0.47 Experimental Methods
and 0.35 'gIL, respectively. In contrast to fresh surface Identification and Critical Evaluation of Studies. Aliterature
waters, only limited data are available for sediments and less search was conducted to identify environmental monitoring
for marine ecosystems. For freshwater sediments in North studies published between the early 1990s and 2007 that
America (n = 71), the median and 90th percentile concentration reported measurements of BPA in surface water and sediment
(the 95th percentile was not calculable) were 0.6 and 3.4 ngl in North America or Europe. Each study was critically

g-dw repectvel, wile he edia an 95h pecenileevaluated for reliability using the review process described
g-dw repecivey, hil th meianand95t pecenileby Kletka et al. (8) that is generally based on internationally

concentration in Europe (n = 249) were 16 and 256 nglg-dw, recognized guidance from Environment Canada (9) and the
respectively. To assess the potential ecological significance, we European Union (10). Studies categorized as "reliable" or
compared exposure concentrations with available regulatory "very reliable" were used in this investigation. An additional
criteria. The results suggest the frequency of locations in which 11 studies considered "unassiguable" but of sufficient quality
concentrations are likely to cause adverse effects on aquatic to be retained because in all cases they were national studies
ecosystems is low, with the exception of sediments collected conducted by European governments. Additional details for
from some highly urbanized and industrial locations, all studies and the criterion used in the evaluation are

provided in the Supporting Information.
Introduction Statistical Treatment of Data. Data from the studies that

passed the critical review were then subjected to statistical
Bisphenol A (BPA, CAS registry number 80-05-7) is primarily analysis. There were three issues that needed to be resolved:
used as an intermediate in the production of polycarbonate (1)1 The concentration is reported as less than the detection __

plastic and epoxy resins (1). BPA has also been reported to limit for a large portion of the data set. For example, 80% of
be used as a component of synthetic plastic materials such the measured concentrations of BPA in fresh surface water
as polyvinyl chloride (PVC). The specific properties of in North America are reported as less than the detection
polycarbonate plastic (e.g., lightweight, clear, and highly limit and 49% are less than the detection limit in Europe. (2)-

______________________________________ The detection limits are different for different studies. In -
*Corresponding author phone: 989. 36.3227; fax 989 638.9305; North America, the most common detection limit is 1.0 ,ig/

e-mail: gmldecka@dow.com. L; however, very few (0.6%) of the measured values exceed-
t The Dow Chemical Company. the highest detection limit (1.0 ugIL). (3) The data from the-
*Assmn Technologies, Inc. different studies must be combined to perform the statistical
~ ECOSTecnloisIc analysis. However, for some studies, only summary statistics -

-Plastics Europe. are available (e.g., number of samples, frequency of detection,
American Chemistry Council. minimum, and maximum).-

10.1021/es900598e CCC: $4075 Cc 2009 AmS ^ &0 fl NO 16, 2009 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 6145 L

Published on Web 07/=2009 IC00 #f0 Wl MW %o-



To characterize nondetected concentrations, we consid-
ered several different approaches. Although substitution TABLE 1. Geographic Distribution of Monitoring Data
methods are commonly accepted by the regulatory com- nme fsuis[ubro ape]
munity, the approach may obscure trends in a data set (11).nme fsuis[ubro apel
The selected approach for the analysis of the BPA data set surface water sediment
was the Kaplan-Meier (1KM) method, which is recommendedconrfes maie rsh aie
for data sets with the issues identified above (11, 12). The KMconrfes maie rsh aie
method is a nonparametric method, which assumes that all North America
observations come from the same probability distribution. Canada 2 [5] 0 1 155] 0
However, it does not require an assumption a priori of a U.S.A. 24 11548] 0 2 [25] 111
specific distribution for the data. The KM method is especially total 26 11553] 0 3 [80] 1 [14]
suited to data sets with differing detection limits. Observations Eure 361 0
below the lowest detection limit are replaced by that detection Austria 2 1306] 0 0 0
limit if no other observations below that limit are avallable. Czech Republic 2 1211 0 11[37] 0
Observations below higher detection limits are estimated Denmark 2 [2] 0 11[36] 111
from the distribution of measured values obtained from the France 1 [1] 0 0 0
studies with lower detection limits. Germany 8 1234] 3 [501 5 188] 0

Some studies reported multiple measurements of samples Italy 5 [651 3 [35] 2 [11] 0
collected from the same location. For the present analysis, Netherlands 3 [116] 2 [15] 1 [18] 0
each location was given the same weight in the calculation Norway 112]1 0 3 [411 2 [131
of the summary statistics, regardless of the number of times Portugal 21[2071 0 0 0
that location was sampled. Single unique observations were Spain 10 [72] 5 [26] 116]1 2 [15]

Sweden 0 0 11[35] 111given a weight of one; multiple observations from the same Switzerland 2 [30] 0 0 0
location were given acombined weight of one. This weighting U.K. 4 [55] 0 2 [65] 11[22]
has the effect of reducing the total number of samples total 43 [1129] 13 [126] 17 [347] 7 [74]
analyzed. overall total 69 [2682] 13 [126] 20 [427] 8 [88]

A number of studies reported only summary statistics. 'Actual number of samples is larger than reported here
Corresponding authors were contacted and in most cases, as some studies do not report the number of samples;
the raw data were obtained. However, despite considerable samples are not weighted. A paper may contain studies for
effort, individual data points were not available for all, and multiple countries and/or media.
these studies required special treatment. The method
employed depended upon the summary statistics available limits for water for the European studies were much lower
for that study. For example, if the minimum, maximum, and (33 of 36 studies range from <0.0009 to 0.089 ug/L) than
median were available and all samples were above the those for North America (15 of 24 studies have detection
detection limit, individual samples were imputed by equally limits of 1 .01tgIL. The methods used in most of these studies
spaced values in the cumulative of thelog-normal distribution were developed by the U.S. Geological Survey (14, 15) and
with the same minimum, maximum, and median values, were designed to detect multiple related analytes in a sample,
These approaches allowed for generation of a data set, which likely sacrificing some of the analytical sensitivity.
could be collectively analyzed using the KM method. The proportion of samples where the concentration was

The data were transferred to the software program S-plus reported as below the detection limit is large as shown in
2000 (13) and the S-plus function "kaplanMeier" was used Table 2. Note that Table 2 presents the total number of
to calculate the "survival" probability for each concentration weighted observations. Surface water in North America has

(ime.,ua theo prbaiige tha tht concentration) n abtar the largest proportion of samples reported as less than the
sampe i eqal o o hiherthantha cocenraton) Ifthe detection limit (80%, 852 of 1068 weighted observations) as

observation was below the detection limit, a code indicating compared to 49% for Europe (415 of 848 weighted observa-
the data were censored was input. The S-plus function tions). In general, between 30% and 79% of the sediment
"MeanKM" was used to calculate median and 95th percentiles concentrations were reported as below the detection limit.
of the observed distribution. The percentiles were calculated Surface Waters. Table 2 summarizes the results of the
by interpolation between the observed probability just under statistical analysis of BPA in surface water for each region,
and just above these percentiles. combining the data from all of the studies. Only a small

number of samples of freshwater were imputed for the
Results calculations (I and 10 for North America and Europe,
Summary of Environmental Monitoring Studies. A total of respectively). The estimated observations fit a log-normal
100 papers or reports, published between 1991 and 2007, distribution and match the summary statistics available for
were initially identified that contained environmental moni- that study. It was not necessary to estimate observations for
toring data for BPA in North American or European surface the marine water calculations. The median concentration in
water and sediment. Following the data quality and analytical freshwater in North America is higher than that in Europe
reviews, I1I papers were excluded (Supporting Information). (0.081 and 0.01 ug/L, respectively); however, the 95th per-
The remaining 89 papers retained for analysis included 31 centile concentrations are similar (0.47 and 0.35 ugIL for
papers for North America and 58 papers for Europe (Sup- North America and Europe, respectively). Although the data
porting Information). Table 1 summarizes the geographic are more limited, the median concentration of BPA in marine
distribution of the available monitoring data, listing the waters (available only for Europe) is about six times lower
number of studies and the number of samples avallable for than that observed in fresh surface water (0.00 16 versus 0.0 1
each country. Many studies from North America and Europe ug/L).
characterized the sample locations as being downstream of The distribution of BPA concentrations in NorthAmerican
wastewater discharges, receiving waters for industrial facili- and European fresh surface waters are illustrated in Figures
ties, areas susceptible to contamination, urban waterways, 1 and 2 (additional distributions are presented in the
or industrial ports. Supporting Information). The left and right panels of Figures

Analytical detection limits varied from one study to Iland 2 include the measured concentrations and imputed
another (Supporting Information). In general, the detection concentrations for the censored data, and the left panel
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TABLE 2. Meta-Data from Studies and Derived BPA Concentrations in North American and European Surface Waters and
Sediments

North America Europe
fresh marine fresh marine

surface waters
total number of weighted observations 1068 - 848 115
number of weighted observations < detection limit 852 - 415 58
percent observations < detection limit 80 49 50
number of imputed observations 1 - 10 0
median concentration (ItgIL) 0.081 - 0.01 0.0016
95th percentile concentration (aug/LI 0.47 - 0.35 0.088

sediments
total number of weighted observations 71 14 249 67
number of weighted observations < detection limit 32 11 75 44
percent observations < detection limit 45 79 30 66
number of imputed observations 35 - 65 0
median concentration (ng/g-dw) 0.6 3.5 16 8.5
90th percentile concentration (ng/g-dw) 3.4 NDa 162 207
95th percentile concentration (ng/g-dw) ND ND 256 566

BND = Not determined.

14- 1.0-

12 0.8-

.~10-

0.6

4- E

8 0.2-
2 .

0 0. 0
le-5 0.0001 0.001 0.01 0.1 1.0 10 100 0.0001 0.001 0.01 0.1 1.0 10

Concentration BPA in ug/L Concentration BPA in ugIL

FIGURE 1. Concentration of BPA in surface water (fresh) in North America.
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FIGURE 2. Concentration of BPA in surface water (fresh) in Europe.

presents the frequency histogram of the concentration. Each either a low measured concentration or a concentration less
10-fold increase in concentration is divided into size classes, than a low detection limit. The distributions are positively
where the number of classes was at most approximately the skewed by a small number of measurements that reflect high
square root of the number of sampling locations. The right concentrations. The highest concentration of BPA in North
panels Figures 1 and 2 present the cumulative distribution. America (12 ,ugIL) was detected in a sample collected from
To illustrate the influence of variation in the detection limits the Santa Cruz River, AZ (15). Further communication with
and the fraction of measurements less than the detection the author indicated that samples from this river were
limits, we have the right panels of Figures I and 2 showing, essentially 100% effluent from the local wastewater treatment
with vertical bars, the frequency of samples reported as less plant (D.W. Kolpin, personal communication). BPA was also
than the detection limit. reported at 8 u~g/L in the receiving waters from a manufac-

Concentration distributions for fresh and marine water turing facility (U.S.A.), which was found to be composed of
are bimodal, i.e., there are a large number of samples with undiluted effluent (16). In Europe, BPA was reported at a
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FIGURE 4. Concentration of BPA in freshwater sediment in Europe.

concentration of 43 jugiL in the Drammens River in Norway, of BPA concentrations for marine sediment in North America
which according to the authors is a site associated with reported in the one available study was 1.5 to 5 ng/g-dw. For
industrial sources (17). Overall, the majority of BPA con- Europe, the 95th percentile values for fresh and marine
centrations in fresh surface waters are low (<0.5 ygIL), with sediments were 256 and 566 ng/g-dw, respectively. Theseresults
even lower concentrations in marine waters, are in contrast to those for surface water, where the concentra-

Sediment. In contrast to surface water, measurements of tion of BPA was similar in North America and Europe. The
BPA concentrations in sediment are limited (Table 2). Three differences likely reflect the limited availability of data for
studies reporting measurements of BPA in freshwater sedi- sediments and possibly the bias toward sampling sediments
ment and one marine study were evaluated for North from locations that were suspected of contamination.
America, representing a combined total of 85 weighted
observations. For Europe, a total of 17 studies reporting Discussion
measurements of BPA in freshwater sediment (249 weighted
observations) and 7 studies of marine sediment (67 weighted This studywas conducted to review the available monitoring
observations) were evaluated. The fraction of samples with data for North America and Europe and develop a statistical
concentrations less than the detection limit is smaller for understanding of environmental exposures to BPA. The
freshwater sediments compared with those of marine sedi- availability of measurements for BPA in surface water and
ments (Table 2, 45% versus 79% for North America and 30% sediment varies from one country to another. The purpose
versus 66% for Europe). Further, because of the lack of and scope of these studies also vary and include nationwide
information on the individual data points, a larger percentage monitoring programs as well as those aimed at evaluating
(approximately 25-50%) of the freshwater sediment samples the influence of suspected contamination sources. In ad-
were imputed for the calculations (35 for North America and dition, among the national monitoring programs, the media
65 for Europe). The imputed observations fit a log-normal evaluated are not always the same for one country compared
distribution and match the summary statistics available for to another. While these disparate studies make country-to-
that study. It was not necessary to estimate observations for country comparisons impractical, the extent of data, par-
the marine sediment calculations. ticularly for surface water, provides a good indication of BPA

Table 2 summarizes the results of the statistical analysis concentrations on both continents.
of BPA in sediment. Concentration distributions for BPA in The Kaplan-Meier method used in this evaluation was
freshwater sediments in North America and Europe are especially suited to the analysis of the results from multiple
shown in Figures 3 and 4 (additional distributions are studies. The approach provided a means of resolving several
presented in the Supporting Information). The median key issues, including how to deal with the large amount of
concentration in freshwater sediment in North America is censored data and accommodating widely varying detection
less than that in Europe (0.6 versus 16 nglg-dw). The 90th limits as well as providing a means to include studies where
percentile concentration for North America of 3.4 nglg-dw only summary statistics were available. Statistical analysis of
(the 95th percentile could not be calculated) is also less than the data suggested that median concentrations were better
the corresponding value of 162 ng/g-dw for Europe. The range indicators of the central tendency of the data compared with
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the means. Estimated mean concentrations were generally regions or contaminated sites. Elsewhere, 95th percentile
much larger than the medians due to the positively skewed concentrations of BPA were about 50 ngfg-dw. The findings
distributions of the data that were affected by outliers in the for the nonindustrialized areas are in good agreement with
data set. The 95th percentile concentrations were a better a recently published Norwegian report that appeared too
indicator of the upper limit concentrations than the mai- late to be included in the statistical analysis (27). In the recent
mum concentrations, which may be influenced by a single study, BPA concentrations in sediment samples collected
sample not representative of the majority of samples. from 26 stations were typically between approximately 3 and

A large database was available for the evaluation of fresh 15 ng/g-dw. Two elevated concentrations of 93 and 106 ngl
surface waters for both continents. Given that data are g-dw were associated with surface runoff near urban areas.
available for 2682 total samples (1068 and 848 weighted The highest concentrations of BPAin European sediments
observations for North America and Europe, respectively), were typically found in areas that were suspected of being
we used a weight of evidence approach to develop an impacted because of their proximity to industrial activity.
understanding of environmental exposures and their rela- For example, maximum BPA sediment concentrations in the
tionship to predicted no effect concentrations (PNEC) for Elbe River ranged from 322 to 1630 ng/g-dw (20, 22, 28).
aquatic organisms. Median BPA concentrations in freshwater According to the authors, many of the regions of the Elbe
in North America were higher than those for Europe (0.08 River that were sampled are highly industrialized and receive
and 0.01 ygIL, respectively), although the 95th percentile discharges from numerous municipal and industrial treat-
concentrations were similar (0.47andO.35Mug/L, respectively). ment plants. In Norway, Fjeld et al. (25) reported sediment
Regional and local-scale surface water concentrations cal- concentrations in samples taken from industrially contami-
culated for Europe using the EUSES model are reported in nated sites (371.16 ng/g-dw) and from the Drammens River
the European Union (EU) risk assessment report for BPA (industrialized area, 279.8 ng/g-dw).
(18). The EUSES model relies on the assumption of dispersive Because the details were not available, the results of a
emissions to the environment for regional-scale modeling United States nationwide soil and sediment reconnaissance
and direct emission to surface water for local scenarios. (29) were not included in the present analysis. According to
Predicted freshwater and marine surface water concentra- the authors, analytical methods were developed for 61
tions for BPA are reported as ranging from 0.032 to 1.47 uig/L compounds and applied to a set of 103 environmental soil,
and 0.0027 to 0. 13 ugIL, respectively. Overall, the predicted sediment, and suspended sediment samples collected from
BPA concentrations for European surface waters are com- urban sites throughout the United States. BPA was detected
parable to measured concentrations (18). Although not above the detection limit (32 ng/g-dw) in only 20 of the 103
included in the present study, extensive monitoring data are samples. The 50th and 90th percentiles for the measured
also available for Japan (19). For surface water, a total of concentrations were approximately 100 and 400 ng/g-dw,
3956 measurements have been obtained from 1120 sites from respectively.
752 rivers, lakes, and ponds. The concentration distribution To assess the potential ecological significance, we com-
of BPA in freshwater indicated that the BPA concentration pared exposure concentrations for NorthAmerica and Europe
at 30% of the surveyed sites was 0.005 ,ugIL or less, with the with available regulatory criteria. For example, the European
BPA concentration at 99% of the sites being 1 ygIL or less. Chemicals Bureau (18) has recently completed a compre-

In contrast to the availability of monitoring data for surface hensive risk assessment for BPA and has defined predicted
waters, the data for sediments are more limited. Median and no effect concentrations (PNEC) for fresh and marine waters
upper percentile BPA freshwater sediment concentrations and sediment. The PNEC for freshwater and marine waters
were 0.6 and 3.4 ng/g-dw (90th) for North America versus 16 are 1.5 and 0.15 uig/L, respectively. Comparison of the
and 256 ng/g-dw (95th) for Europe, respectively. The median measured concentrations summarized in Table 2 indicates
concentration of BPA in marine sediment in North America that all values are below the PNEC values, suggesting a low
was 3.5 nglg-dw (higher percentile values could not be potential for adverse effects on aquatic ecosystems. Similar
calculated because of limited data). Median and upper 95th conclusions were reached in a comprehensive risk assessment
percentile concentrations of BPA in European marine sedi- conducted in Japan (19). In contrast, on the basis of a less
ments were 8.5 and 566 ng/g-dw, respectively. Predicted comprehensive screening assessment, which included stud-
regional- and local-scale BPA concentrations for freshwater ies considered not relevant elsewhere (18), Environment
sediments reported in the EU risk assessment report ranged Canada has recently concluded concentrations entering the
from 0.52 to 24 ng/g wet weight (1.35 to 62.4 ng/g-dw) (18), Canadian environment maypose ariskto aquatic organisms
while predicted concentrations of BPA in marine sediments and suggested further monitoring is appropriate (30).
ranged from 0.034 to 2.1 ng/g wet weight (0.088 to 5.46 ng/ The European risk assessment (18) also calculated PNEC
g-dw). The difference between predicted and measured for freshwater and marine sediments of 63 and 6.3 ng/g-dw,
concentrations for Europe likely reflects the bias toward respectively. All predicted concentrations in the European
sampling sediments in areas susceptible to contamination, risk assessment (18) were below the PNEC. However,

For freshwater sediments, four countries in Europe have comparison of the measured concentrations summarized in
been studied more extensively than the rest. In Germany, 98 Table 2 indicates that while 90th percentile concentrations
samples were collected from 1996 to 2000; many of these in North American sediment are below the PNEC, the 95th
samples were taken as part of the Arge-Elbe program (20-22). percentile concentrations in European fresh and marine
The 95th percentile concentrations ranged from 13 to 311 sediments exceed the PNEC. These results further reflect the
ng/g-dw. In the United Kingdom, 65 samples were collected emphasis that was made in the selection of sites in sampling
between 1999 and 2003 and include those from a nationwide and analysis programs in Europe toward highly urbanized
sediment monitoring program (23). The frequency of detec- and industrialized locations that receive municipal and
tion ranged from 4% to 53%, and the maximum concentration industrial waste treatment discharges.
reported was 56.8 ng/g-dw. Sweden has also reported results The approaches outlined in this study provide a statistical
of a nationwide sediment monitoring program (24). Of the basis for understanding environmental exposures. As ad-
35 samples collected from 2003 to 2004, BPA was detected ditional monitoring data become available, they can be
in only 9% of the samples; the 95th percentile concentration compared to the database developed in this study. Median
was 83 ng/g-dw. The levels of BPA in Norwegian sediments and upper 90th or 95th percentile concentrations measured
have been reported in a number of studies. Fjeld et al. (25,26) in North American fresh and marine waters and sediments
described BPA concentrations in heavily industrialized were all below the PNEC developed for the European risk
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assessment. Measured and predicted concentrations of BPA (13) S-Plus 2000 Guide to Statistics-, Data Analysis Product Division,
in European surface waters and predicted concentrations in MathSoft: Seattle, WA, 1999; Vol. 2.
European sediments were all below their respective PNEC. (14) Zaugg, S. D.; Smith, S. G.; Schroeder, M. P.; Barber, L. H.;

Measredconentatins f BA inEurpea seimets hat Burkhardt, M. R. Methods Analysis by the U. S. Geological SurveyMeasredconentatins f BA inEurpea seimets hat National Water Quality Laboratory.- Determination of Waste water
exceed the PNEC were generally associated with wastewater Compounds by Polystyrene-Dir'inylbenzene Solid-Phase Extrac-
effluent dominated streams and heavily urbanized or in- tion and Capillary-Column Gas ChromatographyMass Spec-
dustrialized locations. trometry Water Resources Investigations Report 01-4186; U.S.

Geological Survey: Reston, VA, 2002.
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provided by PlasticsEurope to the rapporteur and have been (17) Pettersen, A.; field, E. Miljogifter i Drammensvassdraget 2005,
incorporated into the Updated European Risk Assessment Contaminants in the Drammen waterway 2005; Government
Report for 4,4'-Isopropylidenediphenol (Bisphenol A), pub- program for pollution monitoring; Norges Geotekniske Institutt
lished by the European Commission (18). According to the (NGI) and Norsk institutt for vannforskning (NIVA): Oslo,
report, reproduction is authorized provided the source is (1)Norway, 2005.

(1)Updated European Union Risk Assessment Report: 4,4-sopro-
acknowledged. pylidenediphenol (Bisphenol-A): CAS No: 80-05-7, EINECS No:

201-245-8, Final Report; European Commission, Office for
Supporting Information Available Official Publications of the European Communities: Luxem-
Tables providing details for all studies used in this analysis and bourg, 2008.

addtioal oncntrtio ditriutins.Thi maeril i avilale (19) MSTRiskAssessmentDocumentSeriesNo. 4BisphenoA; Nationaladdiionl cncetraion istibuion. Tis mteral s aailble Institue of Advanced Industrial Science and Technology (AIST),
free of charge via the Internet at http://pubs.acs.org. Research Center for Chemical Risk Management: Tsukuba,

Ibaraki, Japan, November, 2007.
Literature Cited (20) Heemken, 0. P.; Reincke, H.; Stachel, B.; Theobald, N. The

occurrence of xenostrogens in the Elbe River and the North
(1) Staples, C. A.; Dorn, P. B.; Kle&a, G. M.; O'Block, S. T.; Harris, Sea. Chemosphere 2001, 45, 245-259.

L. R. A review of the environmental fate, effects, and exposures (21) Fromme, H.; Kuechler, T.; Otto, T.; Pilz, K.; Mueller, J.; Wenzel,
of bisphenol A. Chemosphere 1998, 36, 2 149-73. A. Occurrence of phthalates and bisphenol A and F in the

(2) Cousins, I. T.; Staples, C. A.; Kletka, G. M.; Mackay, D. A environment. Water Res. 2002, 36 (6), 1429-1438.
multimedia assessment of the environmental fate of bisphenol (22) Stachel, B.; Ehrhorn, U.; Heemken, 0. P.; Lepom, P.; Reincke,
A. Human Ecol. Risk Assess. 2002, 8 (5), 1107-1135. H.; Sawal, G.; Theobald, N. Xenoestrogens in the River Elbe and

(3) West, R. J.; Goodwin, P. A.; Kletka, G. M. Assessment of the its tributaries. Environ. Pollut. 2002, 124 (3), 497-507.
ready biodegradability of bisphenol A. Bull. Environ. Contain. (23) Extract of CEFAS Contract Report C1337 to Defra; Centre for
Toxicol. 2001, 67, 106-112. Environment, Fisheries and Aquaculture Science (CEFAS):

(4) Kletka, G. M.; Gonsior, S. J.; West, R. J.; Goodwin, P. A.; Markham, Suffolk, U.K.
D. A- Biodegradation of bisphenol A in aquatic environments: (24) Hedlund, B.; Rodhe, J.; Arner, M.; Forsberg, J.; Taaler, M.;
River die-away. Environ. Toxicol. Chem. 2001, 20 (12), 2725- Forsgren, A.; Eriksson, M. Screeninguppdrag mnom Nationell
2735. Miljoovervakning. Screening av: Bisfenol A; 721-1173-03Mm,

(5) Drewes, J. E.; Hemming, J.; Ladenburger, S. J.; Schauer, J.; WSP 10033045; NV Diarienr: Sweden, 2006; pp 1-35.
Sonzogni, W. An assessment of endocrine disrupting activity (25) Fjeld, E.; Schlabach, M.; Berge, J. A.; Eggen, T.; Snilsberg, P.;
changes during wastewater treatment through the use of Kallberg, G.; Rognerud, S.; Enge, E. K.; Borgen, A.; Gundersen,
bioassays and chemical measurements. Water Environ. Res. H. Screening ofSelected New Organic Contaminants: Brominated
2005, 77, 12-23. Flame Retardants, Chlorinated Paraffins, Bisphenol-A and

(6) Tsai, W.-T. Human health risk on environmental exposure to Trichiosan. Norsk Institutt for Vannforskning (NIVA): Oslo,
bisphenol-A: A review. . Environ. Sci. Healrh Part C 2006, 24, Norway, 2004.
225-255. (26) Fjeld, E.; Schlabach, M.; Rognerud, S.; Kallberg, G. Environmental

(7) Johnson, A.; Jiirgens, M. Endocrine active industrial chemicals: polluranrs in sediments and fish from Lake Mjosa and the
Release and occurrence in the environment. Topic 2.5. Pure Drammens Riverand Drammensfjordfollow- up studies in 2004.
AppI. Chem. 2003, 75 (11-12), 1895-1904. Norsk institutt for vannforskning (NIVA). 2004.

(8) Kletka, G. M.; Zabik, J.; Woodburn, K.; Naylor, C. G.; Staples, (27) Fjeld, E.; Rognerud, S.; Enge, E. K.; Borgen, A.; Dye, C. Miljegifter
C. A.; Huntsman, B. E. Exposure analysis of C8- and C9- iSedimenterfra Mjosa, 2005-2006; Norsk Institutt for Vann-
alkylphenol, alkyiphenol ethoxylates, and their metabolites in forskning (NIVA): Oslo, Norway, 2006.
surface water systems within the United States. Human Ecol. (28) Stachel, B.; Jantzen, E.; Knoth, W.; Krueger, F.; Lepom, P.; Oetken,
Risk Assess. 2007, 13, 792-822. M.; Reincke, H.; Sawal, G.; Schwartz, R.; Uhlig, S. The Elbe flood

(9) Environmental Assessments of Priority Substances under the in August 2002: Organic contaminants in sediments samples
Canadian Environmental Protection Act Guidance Manual taken after the flood event. J. Environ. Sci. Health, Part A. 2005,
Version 1.0; Canadian Environmental Protection Act (CEPA) 40 (2), 265-287.
Report EPS/2ICC/3E.; Chemical Evaluation Division, Coin- (29) Burkhardt, M. R.; ReVello, R. C.; Smith, S. G.; Zaugg, S. D.
mercial Chemicals Evaluation Branch, Environment Canada: Pressurized liquid extraction using water/ isopropanol coupled
Ottawa, ON, Canada, 1997. with solid-phase extraction cleanup for industrial and anthro-

(10) Technical Guidance Document in Support of Commission pogenic waste-indicator compounds in sediment. Anal. Chimi.
Directive 93/67/EEC on Risk Assessment for New Notified Acta. 2005, 534 (1), 89-100.
Substances and Commission Regulation (EC) No. 1488/94 on (30) Screening Assessment for the Challenge: Phenol, 4,4f -(1 -methyl-
RiskAssessment for Existing Substances. Part II; ECSC-EC-EAEC; ethylidene)bis-(BisphenolA); Chemical Abstracts Service Registry
European Commission (EC): Brussels, Belgium, 2003. Number 80-05-7; Environment Canada, Health Canada: Brit-

(11) Helsel, D. R. More than obvious: Better methods for interpreting ish Columbia, Canada, October, 2008; http://www.ec.gc.ca/
nondetect data. Environ. Sci. Technol. 2005,39 (20), 419A-423A- substances /ese/eng/ chalenge/batch2 /batch2_80-05-7_en.pdf.

(12) Kaplan, E. L.; Meier, P. Nonparametric estimation from in-
complete observations. . Am. Stat. Assoc. 1958, 53, 457-481. ES900598E

6150 n ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 43, NO. 16, 2009



WASHINM *

T(800) DELIVER

American'
Chemistry

C ounci
700 2nd Street, NE, Washington, DC 20002


